After a forecast failure, a respeci…cation is usually necessary to account for the data ex post, in which case there is a gain in knowledge as a result of the forecast failure. Using Norwegian consumption as an example, we show that the …nancial deregulation in the mid 1980s led to forecast failure both for consumption functions and Euler equations. This constellation of forecast failures is shown to be inconsistent with an underlying Euler equation, a result that also explains why progress took the form of a respeci…ed consumption function where wealth plays a central role. That model is updated and is shown to have constant parameters despite huge changes in the income to wealth ratio over nine years of new data.
Introduction
Financial deregulation in the mid-1980s was followed by a strong rise in aggregate consumption relative to income in e.g., the UK and the Scandinavian countries, see e.g., Muellbauer and Murphy (1990) , Berg (1994) and Lehmussaari (1990) . The existing empirical macroeconometric consumption functions subsequently broke down -i.e., they failed in forecasting, and failed to explain the data ex post. These forecast failures permanently reduced the profession's belief in the validity of "solved out" consumption functions-a belief that was already worn thin following the breakthrough of stochastic life cycle permanent income models led on by the seminal paper by Hall (1978) , see Muellbauer and Lattimore (1995) . Many economists have interpreted the forecast failure as a signi…cant outcome of a "natural experiment" that corroborated the predictions of the rational expectations permanent income hypothesis: Because of …nancial deregulation, income expectations were revised and consumption surged, thus bringing about a huge change in the correlation between consumption and current income that underlies the conventional consumption function, see e.g. King (1990) and Pagano (1990) . According to this view, it was a shock to the (non-modelled) income expectation process that caused the structural break in the existing consumption functions. Thus, the breakdown was also seen as a con…rmation of the Lucas-critique, (Lucas, 1976) , i.e., that conditional consumption functions are invalid tools for policy analysis, see Blake and Westaway (1993) .
However, in the Scandinavian countries it turned out to be respeci…ed consumption functions that included broad measures of household wealth, not Euler equation models, that succeeded in accounting for the breakdown ex post, see Brodin and Nymoen (1989) , (1992) , Ste¤ensen (1989) , Brubakk (1994) and Berg and Bergström (1995) . These developments illustrate that care must be taken when drawing model and policy implications from forecast failure, and con…rm the empirical relevance of the conclusion in Clements and Hendry (1999a, Ch. 12. 2): The single lesson that can be learned from forecast breakdown is that something unpredictable happened in the forecast period. By itself, an episode of forecast failure does not invalidate the underlying theory (the consumption function), nor does it validate any rivalling theory (the Euler equation). Instead, after a breakdown, a new model usually emerges from econometric modelling on a sample that include the breakdown period.
Viewing empirical modelling as a process, where forecast failures represent a potential for improvement, leads to a progressive research programme where models continuously become overtaken by new and more useful ones. By "useful" we understand models that are relatively invariant to structural changes elsewhere in the economy, i.e., they contain autonomous parameters, see Haavelmo (1944) , Johansen (1977) and Aldrich (1989) . Models with a high degree of autonomy can also be said to represent structure: They remain invariant to changes in economic policies and other shocks to the economic system. However, structure is partial in two respects: First, autonomy is a relative concept: An econometric model cannot be invariant to every imaginable shock (e.g., a war), but a consumption function estimated with data from a given country may be invariant to a range of "shocks" arising from decisionmaking in government and business (annual tax and budget changes, interest rate changes, unemployment rises and falls). Second, all parameters of an econometric model are unlikely to be equally invariant, and only the parameters with the highest degree of autonomy represent partial structure, see Hendry (1993) and Hendry (1995b) . Since partial structure typically will be grafted into equations that also contains parameters with a lower degree of autonomy, forecast breakdown may frequently be caused by shifts in these non-structural parameters. A strategy that puts a lot of emphasis on forecast behaviour, without a careful evaluation of the causes of forecast failure ex post, runs a risk of discarding models that actually contain important elements of structure. Hence, for example Doornik and Hendry (1997) and Clements and Hendry (1999a, Ch. 3) show that the main source of forecast failure is deterministic shifts in equilibrium means (e.g., the equilibrium savings rate) and not shifts in the derivative coe¢cients (e.g., the propensity to consume) that are of primary interest for policy analysis.
In the following sections we elucidate several issues concerning model selection after a major forecast breakdown, using the modelling of private consumption as our example. In section 2 the consumption function (CF) and Euler equation (EE) approaches are set out as two contending mechanisms. Both models are consistent with cointegration between consumption and income. The discriminating feature is their implications for exogeneity.
1 Section 3 derives the theoretical properties of forecasts based on the two models. When the CF-restriction holds, the EE can still have a smaller forecast error bias than the CF-based forecast. This possibility arises in a situation where there is a structural break in the underlying true data generating process prior to the forecast period, and provides an example of a noncausal model that outperforms the true model in a forecast contest, see Clements and Hendry (1999a, Ch. 3) . The EE for consumption belongs to a class of models called di¤erenced vector autoregressive systems, dVARs, that has been shown to be relatively immune to structural breaks that occur before the preparation of the forecast, see Clements and Hendry (1999a, Chapter 5) and Eitrheim et al. (1999) . We also investigate the other state of nature, namely that the EE restrictions are true, and that the consumption function represents the misspeci…ed model. We derive the new result that both sets of forecasts are immune to a shift in the equilibrium savings rate that occur after the forecast have been made. Failure in "before break" CF-forecasts is only (logically) possible if the consumption function restrictions hold within the sample.
Sections 4 and 5 illustrate the theory by reconsidering the breakdown of Norwegian consumption functions in the 1980s, and the respeci…ed consumption function due to Brodin and Nymoen (1992) , B&N hereafter. The B&N model is respeci…ed on an extended sample that includes nine years of new quarterly data. Moreover, the historical series for income and consumption have been revised as a results of a new SNA for the National Accounts. Despite the extended sample and the change in the measurement system, important features of the B&N model are retrieved almost to perfection, showing the relevance of partial structure as an operational concept.
Consumption functions and Euler equations
We assume that the variables are measured in logarithmic scale: c t is consumption in period t and y t is income. Both series are assumed to be integrated of degree one, I(1).
Cointegration
Assume a 1. order VAR:
where the disturbances e c;t and e y;t have a jointly normal distribution. Their variances are ¾ 2 c and ¾ 2 y respectively, and the correlation coe¢cient is denoted ½ c;y . Cointegration implies that the matrix of autoregressive coe¢cients © = [Á ij ] has one unit root, and one stable root. The equilibrium correction (EqCM) representation is therefore
where¯is the cointegration coe¢cient and ® c and ® y are the adjustment coe¢cients.
It is useful to reparameterize the system with mean-zero equilibrium correction terms. To achieve that, de…ne´c = E[¢c t ],´y = E[¢y t ] and ¹ = E[c t ¡¯y t ]. Consequently the constant terms in (3) and (4) can be expressed as · =´c + ® c ¹ and ' =´y ¡ ® y ¹ respectively, and thus we can rewrite this system into
In the case of¯= 1, the savings rate is I(0) and ¹ is the long-run mean of the savings rate. Cointegration represents the common ground between the consumption function which assumes a causal link from income to consumption, and the permanent-income/life-cycle theories which imply an Euler-equation for consumption.
Consumption function restrictions on the VAR
Underlying the consumption function approach is the idea that consumption is equilibrium correcting, i.e., 0 < ® c < 1. For the coe¢cient ® y there are two possibilities. First, the case of 0 < ® y < 1 which is consistent with hours worked etc. being "demand determined" and with y t adjusting to past disequilibria. In econometric terms there is mutual (Granger) causation between income and consumption, see Engle et al. (1983) . The second possibility is that ® y = 0, re ‡ecting that income is "supply-side" determined. In the context of the VAR, the restriction ® y = 0 implies that income is weakly exogenous with respect to the long run elasticity¯, Johansen (1992) . Moreover, with the dynamics restricted to the 1. order case, there is one-way causation from income to consumption, so income is also strongly exogenous.
Interpretation is aided by writing the system (5)-(6) in model form
where (7) is the conditional "consumption function" and (8) is the marginal income equation. From the properties of the normal distribution:
¡´y¼; " c;t = e c;t ¡ ¼e y;t :
Note that along a growth path characterized by E[c t¡1 ¡¯y t¡1 ¡ ¹] = 0, the growth rates of c t and y t are proportional, thuś c =¯´y (10) along a steady state growth path.
In the derivation of the forecast errors in section 3 we concentrate on the case where ® y = 0. The model form of the system ((7)-(8) simpli…es to
¢y t =´y + e y;t ; (12) with´y = ', since there is no equilibrium correction in income.
Equations (7) and (11) are conditional equilibrium correction equations for c t , see e.g., Hendry (1995a, Chapter 7), Davidson et al. (1978) , Hendry and von Ungern-Sternberg (1981) . However equation (7) is more general, and equation (11) rests on the property that causation is from income to consumption.
Euler equation approach
According to the permanent income/life cycle hypothesis the evolution of consumption is shaped by tastes and life cycle needs. Indeed, in the absence of uncertainty, there is no reason for consumption to track income. More generally, with uncertainty about future income, the proposition is that consumption growth ¢c t is not Granger-caused by lagged income levels, hence ® c = 0 in equation (5). Consumption changes are orthogonal to c t¡1 ¡¯y t¡1 ¡ ¹, the stationary linear combination of lagged consumption and lagged income (the orthogonality property).
Given ® c = 0, cointegration implies that 0 < ® y < 1. The interpretation for the case of¯= 1, due to Campbell (1987) and Campbell and Schiller (1987) , is that growth in disposable income is negatively related to the lagged savings ratio because consumers have superior information about their income prospects. If savings are observed to be increasing "today", this is because consumers expect income to decline in the future. Hence, after …rst observing a rise in the savings ratio, in the subsequent periods we will observe the fall in income.
The theoretical prediction that income equilibrium corrects carries over to less stylized situations: First, if a proportion of the consumers are subject to liquidity or lending constraints, we may …nd that aggregate income is Granger causing aggregate consumption, as in Campbell and Mankiw (1989) . Still, as long as the remaining proportion of consumers adjust their consumption to expected permanent income, observed aggregate disposable income is negatively related to the aggregate savings ratio, so we would still …nd ® y > 0. Second, the orthogonality condition may not hold if the measure of consumption expenditure includes purchases of durables, see e.g. Deaton (1992, p.99-103) , but the implication that ® y > 0 still holds. Finally, the basic implication of ® y > 0 is una¤ected by modi…cations of the basic Euler-equation, e.g., non-constant expected future interest rates, Haug (1996) , and inclusion of demographic variables.
Consumption forecasts
In the case where the Euler equation restrictions hold, the best forecast of next period's consumption is this period's, and thus, consumption growth is unpredictable. In section 3.1 we ask how consumption forecasts are damaged by adding irrelevant causal variables in the form of a consumption function. Perhaps surprisingly, the answer is "not very much". Even when parameter changes occur (i.e., regime shifts), the consumption function forecasts errors, though biased (over short forecast horizons), are unlikely to be signi…cantly worse than the consumption function within sample errors. Thus if the Euler equation is indeed the true model, forecast breakdown is a very unlikely event-even in the case where the forecaster uses the wrong (i.e., a consumption function) model. Section 3.2 then elucidates forecast errors for the alternative state of nature, namely that the consumption function restriction holds. In this case a regime shift does singularly damage the consumption function based forecast and does cause forecast failure. Euler-equation forecasts are also damaged by shifts that occur in the forecast period (i.e., after the forecast is made), but they are robust to shifts that have already occurred prior to the forecast. Robustness is due to the di¤erencing aspect of the Euler equation, and we build on the analysis of the properties of forecasts from "models" that use di¤erenced data by Clements and Hendry (1999a, Ch. 5 ).
Forecasting when the Euler equation restrictions hold
Forecasts for the periods T +1; T +2; :::; T +H are made in period T . From the Euler equation, the mean and the variance of the consumption growth forecast errors are
for h = 1; 2; :::::H. The subscript EE is used to denote a Euler equation based forecast, and I T denotes the information set that we condition on. Using (7) and (8), the consumption function (CF) forecast is seen to be based on the following equation
since ® c = 0 in the true underlying system, and where´c = ·. The forecast of income growth is derived from ¢y t =´y + ² y;t (16) i.e., ¢y T +h =´y, h = 1; 2; :::::H. Note that
implying that the income forecast errors have a mean of zero even though the implied causality of the system is wrong.
The mean and variance of the 1-step consumption function based forecast (CF ) are
Thus, the inclusion of an equilibrium correction term makes the conditional 1-step forecast errors biased because, c T ¡¯y T 6 = E[c T ¡¯y T ] = ¹ in general. However, the magnitude of the bias is small unless c T ¡¯y T is very far from its long run mean, which seems unlikely in a constant parameter world. Formally, the unconditional bias is zero, since taking expectations in (17) gives
For a h-period ahead CF based forecast we obtain
The term b(h) is decreasing in h. 3 The contribution of the "initial condition" c T ¡ y T ¡ ¹ to the bias is also diminishing, so for a large h a signi…cant bias must be due to the last term in the expression. It is useful to rewrite (19) as
for h = 1; 2; :::H. We have dropped the b(h) term, and
denotes the steady-state relationship between consumption and income. Along a steady state path¯´y = ·. So we have that
if consumption and income is growing along a steady-state path. 4 We have shown that unconditionally and for long-run forecasts, adding irrelevant explanatory variables in the form of a consumption function does not harm CF-based forecast, con…rming the relevance of the analysis in Clements and Hendry (1998, Ch. 2.9 ) for our case. However, this result rests on the assumption that the underlying parameters are constant. Real economies are dynamic and evolving, so parameter constancy is unlikely to hold in practical forecasting situations. Thus it is important to investigate how the CF and EE consumption forecasts are a¤ected by parameter changes.
Consider therefore a regime-shift in the form of a change in the long run equilibrium mean ¹ (the equilibrium savings rate if¯= 1). Following Clements and Hendry (1999a, Ch. 3 and 4) , such a "deterministic shift" is the singularly most likely cause of a forecast breakdown, see also Doornik and Hendry (1997) . The exact timing of a shift is important. Consider …rst a shift in ¹ to a new value ¹ ¤ , that occurs after the forecast is made, say in period T + 1. Obviously, the analysis of these before break forecasts errors is identical to the analysis of the constant parameter case. 5 In particular, the CF conditional forecast errors are una¤ected, i.e., (17), (18) and (19), and the forecasts also remain unbiased unconditionally (because E[c T ¡¯y T ¡ ¹] = 0). Next, assume that a change occurred before the preparation of the forecasts, say in period T , and that we are studying post break forecast errors. The expressions in equations (17), (18) and (19) again applies, but the CF forecast is now unconditionally biased since, in (17)) and
In sum, the Euler equation state of nature is inconsistent with observing consumption function forecast failure when the regime shift occurs in the forecast period. Forecast failure only emerges for the consumption function when the regime shift has occurred prior to the construct of the forecast and thus is contained in the information set, i.e., the implication is that the break should show up in post break CF forecasts.
Forecasting when the consumption function restrictions hold
As explained in section 2, we consider the case of (strong) exogeneity of income, so causality is one-way, from income to consumption, the direct opposite of the Euler equation case. Written in equilibrium correction form, the system becomes (11) and (12), with parameters (9).
4¯´y ¡ · = 0, implies that b(h) = 0 for all h. 5 The before break and post break (below) terminology is adopted from Clements and Hendry (1999a, Ch. 3.5 ).
The Euler equation (wrongly) imposes ® c = 0, thus
Since the consumption function model coincides with the data generating process (DGP), its 1-step forecast
is optimal in the sense that no other predictor conditional on information available at time T has smaller mean-square forecast error (MSFE), see Clements and Hendry (1998, Ch. 2.7.2.) .
Consider again the case of ¹ ! ¹ ¤ in period T + 1, i.e., the …rst period after the forecast is made. It is easy to show that both sets of forecast are damaged by this shift, and that the unconditional 1-step bias becomes ¡® c [¹ ¡ ¹ ¤ ] for both the CF and the EE forecasts. Thus if the consumption function is the true model, we expect failure of both sets of before break forecasts.
Finally, consider the case where the forecast is made after the occurrence of the parameter change ¹ ! ¹ ¤ . In equilibrium correction form, the true system in the forecast period is therefore
for h = 0; 1; : : : ; H. The consumption function forecasts are however derived from (11) and (12), i.e.,
The EE forecasts are again generated from
The post break forecast biases are
Manifestly, equation (28) shows that the post break CF 1-step forecast is biased. In fact the bias is identical to the before break bias, see Clements and Hendry (1999a, Ch. 3.5 ) for a generalization to vector equilibrium correction models. The CF forecast does indeed "equilibrium correct", but unfortunately to the old equilibrium.
The Euler equation consumption forecast will be relatively immune in this case, since by taking expectations in (29) we obtain E[c T ¡¯y T ¡ ¹ ¤ ] = 0. This robustness feature of the non-causal EE forecast is shared by all forecasting "model" 
that are cast in term of di¤erences, see Clements and Hendry (1999a, Ch. 5) . The implication for practice is that unless "consumption function" forecasters detect the parameter change and take appropriate action by (manual) intercept correction, they may …nd themselves losing to Euler-equation forecasters in forecast comparisons.
The expressions for the h-period post break forecast biases, take the form
for h =1; 2; ::::H. This shows that the CF-forecast remains biased also for the longer forecast horizons, although the bias dies away eventually. The unconditional CFbias is seen to share the same property. The EE forecast bias is a linear function of the forecast horizon h, i.e., the term ® c (h ¡ 1)(¯´y ¡ ·). However, unconditionally,
T and¯´y = ·, implying that the unconditional EE forecast is unbiased for all h.
We conclude that in a state of nature where the true underlying model ful…lls the consumption functions restrictions, forecast failure is bound to arise if there is a shift in the equilibrium mean. The forecast of the "true model", is damaged both before break and post break. The non-causal EE forecasts are robust to shifts that have already occurred prior to the preparation of the forecast, and the non-causal "model" will tend to win a forecast competition against a consumption function based on post break forecast errors. Finally, and for reference in the empirical section, Table 1 summarizes the discussion of consumption forecast failure in terms of the biases for the 1-period forecasts.
4 Modelling and forecasting Norwegian private consumption expenditure from 1968 to 1985.
In this section we show that a consumption function encompasses an Euler equation model on a sample that ends in 1984(4). The e¤ects of …nancial deregulation was already én route, following liberalization of the housing and credit markets earlier in the 1980s. We show how the consumption function loses to an (non causal) Euler equation in a forecast competition over the years [1985] [1986] [1987] . Finally, we report the respeci…ed consumption function, based on a dataset that ends in 1989(4), see Brodin and Nymoen (1992) . The results illustrate the relevance of the theory of forecast failure, and that respeci…cation represents a progressive step in the modelling of consumption. Table 2 shows an empirical consumption function model for (log of) total consumption expenditure (c t ) and disposable income (y t ). The …rst equation models the quarterly rate of change of consumption as a function of lagged rates of change (¢c t¡1 and ¢c t¡4 ), the current rate of growth in income (¢y t ) and the lagged consumption to income ratio (c t ¡ y t ). The remaining explanatory variables are three centered seasonal (CSj, j = 1; 2; 3), a VAT dummy for 1969(4) and 1970(1), and …-nally a dummy (¢STOP t )which is non-zero during a wage-price freeze that occurred in 1978, and is zero elsewhere, see Brodin and Nymoen (1992) .
The breakdown in the mid 1980s
The second equation gives the rate of growth in income as an autoregression, augmented by deterministic terms. From the Diagnostics part of the table, note that the two equations imply 14 overidentifying restrictions on the unrestricted reduced form, and that these restrictions are jointly accepted. The omission of (c ¡ y) t¡1 from the income equation in particular is statistically admissible-the incremental Likelihood-ratio test statistic for this single restrictions is Â 2 (1) = 1:004[0:3164]. Thus based on this evidence, causation runs from income to consumption, and not the other way round as implied by Campbell's hypothesis, see section 2.2 and 2.3. The implication is that the …rst equation in Table 2 is indeed the empirical counterpart to the consumption function (11), not equation (15) as implied by the Euler equation.The other test statistics include tests of 5. order residual autocorrelation, residual non-normality and heteroscedasticity due to squares of the regressors. These statistics are explained in Doornik and Hendry (1996) . 6 They give no indication of residual misspeci…cation of the model in Table 2.   7 In sum, the Table 2 represents a congruent model on a sample ending in 1984(4). Following the discussion in section 3.2 we know that it will nevertheless forecast badly if there is a change in the equilibrium savings rate. Table 3 shows the empirical model which is consistent with the Euler restrictions on the income-consumption system. The …rst equation is the Euler equation for consumption. We include a lagged growth rate of consumption growth, ¢c t¡4 , that capture signi…cant e¤ects of habit formation. This modi…cation seems inconsequential, as the substance of the theoretical argument is that lagged changes in income are orthogonal to current consumption growth. In this model, the second equation has income growth equilibrium correcting to lagged savings, thus the model corroborates Campbell's "rainy day" hypothesis. However, the test of the overidentifying restrictions now rejects (overwhelmingly), so the model is not congruent and it does not encompass the unrestricted system. 8 Figure 1 shows three sequences of dynamic forecasts from the two estimated models. We show the forecasts of the annual growth rate of consumption, ¢ 4 c t , (D4cp in the graph). The thick line shows the actual development of ¢ 4 c t over the period 1984(3)-1987(4). The …rst forecast period is 1985(1) and the dynamic forecasts for the period 1985(1)-1987(4) is shown as a thin line. The bars shows the corresponding 95% prediction intervals. The boxed line shows the forecast for the 8 quarters from 1986(1) to 1987(4), so here the forecasts are conditional on the 1985 data. Finally, the circled line shows the 4 period forecasts 1987(1)-1987(4). To avoid glutting the graphs, we do not report the prediction intervals for the 4-and 8-quarter dynamic forecasts-they will have the same typical magnitude as the …rst 4 periods (8 periods) of the 12 period forecast.
We see that the 1985(1) forecasts are biased for both the consumption function and the Euler equation. Moreover, the size of the bias is the same for the two set of forecasts, and they are also close for the rest of the forecast period. Given the appearance of ¢y t in the consumption function, the CF forecast-errors could be a result of underprediction of income growth, but this is not the case: Forecasting ¢ 4 c t in 1985(1) conditional on the correct growth in income also results in signi…cant underprediction of consumption. Instead, the 1-step forecasts errors behave exactly as one would expect on the basis of the the algebra in the previous section: Given that there is a shift in the long run savings rate in 1985.1, one expects a bias in both the CF and EE before break forecast errors, cf. table 1, just as shown in …gure 1.
The forecasts for 1986(1)-1987(4) can be seen to illustrate a situation where we are conditioning the forecast on a structural break that has occurred prior to the forecast period. We therefore expect the consumption function forecast to remain biased, but to see an element of error-correction in the Euler equation forecast, see equations (28) - (31). Indeed, the …gure shows that the forecasts errors for 1986(1) and 1986(2) are much smaller for the Euler equation than for the consumption function. Again, this …nding is entirely consistent with the forecasting theory in section 3, see the overview in table 1.
Interestingly, the box-line shows that 1986(3) and 1986(4) are much better forecasted by the consumption function than the algebra in section 3.2 suggests: This is brought out even clearer by the 4-period forecasts from 1987 (1)-1987(4) where the consumption function has recovered completely. A possible explanation for this is that the savings rate might have changed back, toward its initial level so that the change in early 1985 was temporary. In turn this suggests that other factors than income might be acting on consumption (and the savings ratio), and that there may be ways of modelling those e¤ects. We consider this possibility in the next section.
The analysis of the mid-1980 forecast failure illustrates that in forecasting, the consumption function and the Euler equation are complementary. Based on the evidence in Table 2 and 3 a modeller may feel con…dent that the consumption function model is closer to the underlying data generating process. Yet, the model cast in di¤erences produces robust forecasts.
The reconstructed Norwegian consumption function.
Forecast failure invites modelling, but in itself does not provide any information about the respeci…cation of the model, see Clements and Hendry (1999b) for a discussion. Thus, the response to the forecast failure investigated di¤erent routes, including measurement error (emphasizing income), see Moum (1991) , Euler equations, Ste¤ensen (1989) and …nally model misspeci…cation, see Brodin and Nymoen (1992) . Among these, only B&N provided a model with constant parameters over the full sample, i.e., both over the pre-break sample and over a sample that contained the post-break period from 1985 (1) to 1989(4). B&N provides a model in which the equilibrium relationship is that the log of consumption (c t ) is determined by the log of disposable income (y t ) and the log of a real household wealth (w t ), made up of the net …nancial wealth and the value of residential housing. Hence, the implication of B&Ns model is that the forecast failure was due to model misspeci…cation, revealed by changed behaviour of the omitted wealth variable.
In more detail, B&Ns results can be summarized in three points 1. Cointegration. Cointegration analysis of the three variables c (log consumption), y (log disposable income), and w (log net household wealth) establish that the linear relationship c t = constant + 0:56y t + 0:27w t ; (32) is a cointegrating relationship.
2. Weak Exogeneity. Income and wealth were found to be weakly exogenous for the cointegration parameters. Hence, the respeci…ed equilibrium correction model for ¢c t is a consumption function according to the de…nition in section 2.2, only augmented by wealth as a second conditioning variable.
3. Invariance. Estimation of the marginal models for income and wealth showed evidence of structural breaks. The joint occurrence of a stable conditional model (the consumption function) and unstable marginal models for the conditioning variables is evidence of within sample invariance of the coe¢cients of the conditional model and hence super exogenous conditioning variables (income and wealth). The result of invariance have been corroborated by Jansen and Teräsvirta (1996) using an alternative method based on smooth transition models.
Other researchers that modelled the B&N dataset replicated the long run relationship between c t , y t and w t , see Banerjee and Hendry (1992) and Franses (1992) . Banerjee and Hendry suggested rewriting (32) in stylized form as
in order to highlight the implied non-proportional consumption to income ratio. On the other hand, the short-run dynamics of the alternative models were di¤erent from B&N's equilibrium correction model. For example, Franses' model was basically static, with dynamics only in the form of a lag polynomial in ¢(c ¡ y) t . Irrespective of the merits of the three respeci…cations, we note that while forecast failure was endemic, several constant models were found on post-break data. The explanation seems to be that the introduction of the wealth variable helped capture the sudden jump in c ¡ y during 1985. In other words, B&N developed a model of the change in the long-run mean ¹, which was the prime source of forecast failure. Perturbations of the dynamics seem to have been of a much less importance.
5 Stability of the Brodin-Nymoen model over an extended sample: 1990(1)-1998(4)
Data issues
The revised and extended data series for consumption, income and wealth are shown in …gure 2. 9 A notable feature is that between 1990(1) and 1998(4), wealth …rst plunged almost down to its 1984-level, before a new steep rise begins in 1993(3). This development is not unlike that of the mid 1980's, but this time around there 9 Details on the data are also brie ‡y discussed in the appendix was no dramatic plunge in the savings rate. So the question is whether the B&N model, which we have seen leaned heavily on the rise in wealth to explain the fall in savings after …nancial deregulation, has stable coe¢cients over the extended sample period. Table 4 reports Johansen tests for cointegration in a VAR model of the three variables c t , y t and w t , (n = 3), with …ve lags, (k = 5), see Johansen (1988 ), Johansen (1995 . The full sample evidence 1968(3)-1998(4) is reported in the table. As in Brodin and Nymoen (1992) , we …nd that the formal test statistics support at most one cointegrating vector, although taken at face value, the evidence is not very strong, cf. the reported¸t race test in table 4 and its small sample corrected counterpart,¸t race;T¡nk (Reimers (1992) ), in which the test is scaled down with a multiplicative factor (T ¡nk)=T . Strictly, the tests indicate that we cannot reject any of the hypotheses in the sequence of tests. Compared to B&N, the long run elasticities of income and wealth are repreduced almost to perfection (despite data revisions) on the sample ending in 1989(4). However, table 5 and …gure 3, show that the income elasticity increases somewhat, from 0.57 to 0.65, when we expand the sample into the 1990s. The wealth elasticity changes much less: It decreases from 0.26 to 0.23. Figure 3 shows the recursive stability of the two coe¢cients of the cointegrating vector over the longer period from 1978(2)-1998(4). The overall impression is that the long run relationship has been quite stable over this period , in which the Norwegian economy experienced strong cyclical movements in the household savings and wealth to income ratios. 1.2710 1.5352 3.7620 95% fractiles are from Osterwald-Lenum(1992) Finally, table 6 shows the corresponding feedback coe¢cients (loading factors), and …gure 4 shows the recursive stability. The reported §2 standard error bands cover the zero-line for most subsamples, which indicate that income and wealth are weakly exogenous with respect to the cointegrating parameters.
Cointegration

Consumption, income and wealth
Conditional of the cointegration …ndings we next model the vector x t = (¢c t ; ¢y t ; ¢w t ; ¢rph t ) 0 :
¢rph t denotes the growth rate of the real price of residential housing, and is added to the system because of its importance for the valuation of the existing wealth. The system is
¡(L) is a matrix polynomial. The polynomials for ¢c t¡1 ; ¢y t¡1 and ¢w t¡1 , are of 4. order. For ¢rph t , a 2. order polynomial was found to be su¢cient. D t is a vector of deterministic terms, it includes an intercept, three (centered) seasonals and the dummies V AT t and ST OP t introduced earlier. · is the corresponding matrix of coe¢cients. Finally, ® is the vector of equilibrium correction coe¢cients, and the equilibrium correction mechanism is speci…ed as EqCM t = c t ¡ 0:65y t¡4 ¡ 0:23w t ¡ 0:93; (34) with y t¡4 rather than y t , since the implied parameterization of the income part of ¡(L) was easier to interpret. The number 0.93 is the mean of the long-run relationship over the period 1968(3)-1989(4), i.e., the sample used in section 5.2. Multivariate cointegration analysis using av VAR-model with …ve lags sample. 1968(3)-1989(4), 1968(3)-1994(4) Estimation of the system in (33) on a sample from 1968(3) to 1994(4) yielded a residual vector" t without any detectable autocorrelation, non-normality or heteroscedasticity, and we therefore sought to estimate a model that encompasses that system. The results are reported in The consumption function has the same autoregressive structure as on the prebreak data (cf. Table 2 ), but in addition there is now an e¤ect of the average growth rate in income over …ve quarters, and the quarterly growth rate in wealth. Averaging real income growth means that the coe¢cients of ¢y t ; :::; ¢y t¡4 have been restricted to 0:20. The test statistic for the joint restrictions yields Â 2 (14) = 11: 95[0:61] , and the results indicate that households smooth quarterly income growth to extract more permanent income changes.
The income equation is basically autoregressive, and a reparameterization allows it to be written with ¢ 4 y t on the left-hand side. In addition there are e¤ects of lagged growth in wealth and of the real price of housing. There is no equilibrium correction term which is consistent with the weak exogeneity of income found in section 5.2 and in the B&N study. For wealth, the third equation in the model, the equilibrium correction term turned out to be not signi…cant and was excluded, hence real wealth is basically a di¤erenced-data equation, driven by the growth in real house prices along with some e¤ect from lagged consumption growth. The last equation in the table shows that the growth rate of the house price index depends positively on its past values and on wealth and consumption growth.
Given the absence of labour market variables, government transfers and income taxes, the income equation in Table 7 has a low causal content. The same can be said of the other two marginal equations, for example the "housing price" equation does not include any of the variables that have been shown to be important econometric determinants of housing prices, see Eitrheim (1996) . As a result, the estimated prediction intervals from our 4-equation model are certainly wider than those arising from a system that also incorporates sector models of income determination and the housing market. At least this must be true for the shorter forecast horizons, since the larger model would condition on a wider set of (relevant) variables. Another implication of the con ‡uent nature of the marginal models is that they are potential sources of parameter non-constancy that may be harmful to the consumption forecasts.
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Figure 5 displays forecasts for the 16-quarters 1995(1)-1998(4). The quarterly growth rate of consumption (Dc in the …gure) appears to be predictable, although to quite a large extent this is due to the predictability of the huge seasonal variations in total consumption. The forecasts for the annual growth rate (D4c in the graph) do not show much departure from the long run mean of 2.7% growth per annum. Hence, in the sense that the conditional mean of the model is almost the same as the sample mean, the annual growth rate of consumption is barely predictable from this model. The forecasts for the equilibrium correction terms (EqCM in the graph) are quite accurate, signifying that there is no serious changes in the long run mean of that relationship over the period 1995(1)-1998(4). The forecasted growth rates of real housing prices (Drph in the graph) are much too low in 1996(1) 1997(1) and 1998(1) and the same pattern in found in the forecasts for wealth (Dw), albeit in somewhat mitigated form. Given the information set used in the model, the forecasts for income growth (Dy) are actually quite good. In line with the statistical test of weak exogeneity, there is no gain in predictability of income from adding the EqCM term in the income equation.
Summary and conclusions
Financial deregulation in the mid-1980s led to a strong rise in aggregate consumption expenditure. Existing empirical macroeconometric consumption functions broke down-i.e., they failed in forecasting and failed to explain the data ex post. Predictability was lost, which to many was con…rmation of the Lucas-critique of econometric consumption functions and support for an Euler equation speci…cation, i.e., Hall's original random walk hypothesis, or Campbell's "saving for a rainy day" version of the permanent income hypothesis. The theoretical section of this paper showed that even in the case where the consumption function is the correct model, it will regularly loose in forecast contests with a random walk equation for consumption. This is a special case of Clements and Hendry's …nding that it cannot be proved that causal models will forecast more accurately than non-causal relationships. We also pointed out that failure of before break forecasts cannot be reconciled with an Euler equation. Thus, the deep-rooted intuition that failure of consumption function based forecasts supports the alternative rational expectations view is after all misleading. An empirical re-appraisal of the breakdown in Norwegian consumption functions in 1985, showed the relevance of the theory. Over a sample ending in 1984(4), a consumption function encompasses a Campbell-type model. The forecasts of both models are hurt by the occurrences in 1985. However the Euler-equation forecast for 1986, conditional on 1985 is more accurate than the corresponding consumption function forecast. We next showed the results of an update of Brodin and Nymoen's re-speci…ed consumption function. That model contains a stable cointegrating relationship, despite major changes in the measurement system and nine years of new data, and the causal direction between income and consumption is also unchanged in the new model. Apparently, the Brodin and Nymoen model reinstalls predictability of consumption. However, the gains in predictability is limited by the fact that the wealth variable also has to be forecasted jointly with consumption and income.
Thus it is misleading to measure the gain from the re-speci…cation after the 1985 forecast break only in terms of increased forecast success relative to the random walk. Instead the real merit of the respeci…ed model is that it contains partial structure, and that it provided Norwegian policy agencies with a more realistic model of the dynamics and causal links between income, consumption and wealth than they had available before the forecast failure in 1985.
A Data de…nitions, data …les and batch …les for replication
There are two data sets used in the paper, the original data used by Brodin and Nymoen (1992) , and a revised and extended version of the same set of variables. The B&N data is reanalyzed in section 4. The data for total consumption expenditures, C t , and income , Y t , used in section 5 are collected from the annual and quarterly National accounts of Statistics Norway. They are in …xed 1996-prices. Nominal wealth (NW ) is de…ned as NW t = (L t¡1 + NL t¡1 ¡ CR t¡1 + (P H=P C) t ¢ nhf t ¢ K t¡1 ; where:
L t = Household sector liquid assets (money stock and deposits). P C t = Price de ‡ator for total consumption expenditures.
CR t =Liabilities, loans and by banks and other …nancial institutions.
K t = Real values of residential housing stock, million 1996 NOK. NL t = Non-liquid …nancial assets.
nhf t -Fraction of residential housing stock owned by households.
P H t = Housing price index. (1996=1).
In the estimated models we use wealth in real terms, i.e. NW t de ‡ated by the implicit de ‡ator of consumption (1996=1). Note also that in the B&N data NL t was not included in the wealth measure, and (implicitly) nhf t was constant and equal to one.
For a comparison of the two data sets we have matched the means and ranges of the consumption and income series in the overlapping period 1966(1)-1989(4). From …gure 6(a) we see that the consumption data have only been subject to minor revisions, and although …gure 6(b) reveals somewhat larger discrepancies between the two sets of income data, we conclude that the joint pair of income and consumption series match the old data rather closely. The level of household sector real income has been revised upwards inter alia since household wage income from domestic services production was revised upwards due to the implementation of new SNA. The household sector savings ratio in the early 1990s declined somewhat as a consequence of the SNA-revision. The historical real income series prior to 1991 have been adjusted for this shift in the saving ratio. Finally, …gure 6(b) shows that the old and new real wealth data match each other over the overlapping sample period.
A zip …le progress.zip that contains the data and several batch …les that ease replication of the results in this paper, can be downloaded from the internet at http://www.uio.no/~rnymoen/rnybib.html 
